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FLYrIVG PtQ3UP4h~ RSARCH CL1.IMTTjAE

IWUAL MYMMTr AMTl SRIISITVTY fI TES3 COID
- by

D.J.Portlett and D.G.C.Gronow
W~ Institute Of' Aviation Medicine

Novembor 1952

This report hes been arrangod in two Abrt* to bring cut an Olearl1y as Possible
~pboth the main experimental conclusions that appelmr to be Justift,"i a&M the degree to which

'they are supported by statistical analysis. Part I it; 47:iptive. I-arls contains the

detailed statistical analysis.

(i) 31primmuts have been carried out to ascertain the effect of cold oon mis an the
perf ormance Or tasks Involving manual dexterity and tactile aenitivity.

(2).!n a pilot experimeont at room teaperature, 4 mank2&. dexterity aNd 3 tactile sensitivity
tests were given to 20 subjects. Subsequent correlations between pairs 0f tests of the ams
kind sbind there was no statistical Justification for eliminating any of the manual
dexterity tests. Of the tactile sensitivity tests only one (the two-point discrimination
test) wasl retained.

(3).l subjects were tested in the cold chamber and were divided ifto 3 groups of six:

oroup A uusexpaseto &ta~spu t 5foaC. to* J hrwit sil air
goiwD 3 3 10 0C. forIt 3 3

ar.P C -l*c. for Uhb".'
(4g). In 4&4h group the teots were applied in a balanced design. Subjects were given pro-

o xposure, anW exposure test runs, and on leaving the chamber each subject conttinued to
perform the tests in rotation until his performance returned to near pre-exposure levels.
Sldn (finger) temperatures were recorded.

(5.To aid Interpretation of the results of the first experiment, a sec on wasa carried
eat using $he two-point disorisainution teot at room teouperature only. Groups A and 0,

* end a third group (D) of 12 men not previously tested took port In this experiment.

o (6.1A a third experiment, 6subjects. (Group D) were given the tactile sensitivity test n
ae of the manual dexterity tests at intervuls bef ore entering the cold chamber, and
during a 40-4a. exposure pericA.

(7c)tin ohe fs Gxeietal heroups of whijech showed aonsignificant improvement onIntetss
(7) I thfome it exarringt all the grou odesubect ss Initheioldt impirth t

0 experfonc if cryingA, otb sl he a manul dexterty tmpoveen n e of wth te.0 0
0 U Performances deteriorated as the exposure period increased, showing more markedly with
$4 swo tests, end with some subjects than others.

aI (8). All three groups showed i.uprovement in tactile sensitivity during the first 30 tainutes
in the cold chamber. The performance of all three groups showed a tendency to return to

~ r4pre-exposure levels of performance on leaving the ohbmber. Very significaint differences
(d were found between the perl'ormmuoes of subjects in tho ama group.

0 >

level of performance. The results of the third experiment indicated that the improvement
of tactile sensitivity it the cold found in the first experiment my bm attributed to a
flesrnins factor'. YAnual dexterity way be affected In a similar manner.

(11). Niposure to cold prevented the normal Improvement In performance of manual dexterity
taskes, taking place at room temperature. This did not occur in the case of tactile
discrimination until a mudden levering of the temperature was brought about, asamite4

with the introduction of a wind factor.

\C~c\C5 ca C



PART ONE

T HE PR 0 BL 9

Many earlier experiments have shown that humian sensitivit.7 arA volition~l behaviour
are adversely affected by exposure to severe old, especially wvdt wind. The present
enquiry was undertaken in an attwe~t to discover more abot t!Ye effTect mf lo %e severe low
temperature coniditions on the same types of performance.

I, 4 .4of
7 n ~ i o f the Tests

The Peg Test
T"he Nut and Bolt Test

-The Screwdriver Test - screwing in
The Screwdriver Test - unscrewing

plate (i): ili. Peg Test

In a tiock of wood 8' X 2J4 X lo txo vote of 2C r~ndonly jrrirv#1d holea -vpe drIllod. The tio tot?: of hol*s
"or* sepir.1ted by a 2q x s,"mae. The bloc::. of 4oad -.ji held on tht to.ble h,,r the inibJect's left hahd, and he
pVforsed the teet by trfnsafewlnc 20 V*C0. I1OC d~impter, -#Ith hlo r~jght hind trar- one eet of Wnee to the other
Alfl aubjecto 'aced were rl"it-anded.

PLate (VII): The V-test



A lae(Wi: The Nut and Bolt Tmat.

-TIM

,.,

Cosse Of tw mea lte 02 In whic Be 10 bot wo mone In a readear atunire arangement -20 x 2.e
?eplates were soervted troua one another by 1 2/10" so that the bolts Piv~eoted 3/11t abov the upper plate. tight

6 S.A. MUit On each of the projecting~ portions or the ei;Mt bolts, '-itch had been Sorwed don until they war* In
Contact with the Upper plate, had to be reovd by the subject az quickly as possible Whiile he 1iold the apparatus to
the table with his left hand.

plate (iii) & (iv): The Sorewdriver Teat

Consisted ot two metal
;lates 31, x 20 arranged
3t right angles, With two
sets of five h, B.,. nuts
each set arranted In a rove
In the centre of one of
the metal Plates, In
order to screw the J-inch

begio by screwing the Dolt
In with their finzers
until the tip of tha bolt
Was flush with the baok of
the metal plote, and the--
tosk was Completed with

a scrowdrIver. Lnsarew-
Ing mrn carried out with
a screwdrlver. until the
tip of the boll no lonsr
projected beyond the backI of the plate, and there-......
after the nut wow remaoed
by hand.

All toate had to be pwrfomodt as quiokly an porsile. The "soo" r?,.' the tim'
taken to pirfom each tak.



2. Taictile Ser.8itivity

Two-point Disorimination (the Div4ders Test) (plate 'r)

The Hole Teot (plate vi)
The 'V-Test (Kaokworth 1951) (plate vii)

The apparatus for each of these was made up in perapex.

Plate Wt) The Divders TA~t

A beo*pOInt in~trUent 6 in. long similar ton ;)air
of c~ypzges mua coiatructed. '%On aPP171n: ie te,
the norgul i11Pthod of Limitr was used firrt In
doscandint and thin ir wneending order, (i~e, the
points were first applied vidslyv sepirated and thien

~. brought nearer toisther. unitil the foJect reported
v"en paint only.) The order ot application vas
ten reverood. 71.1 divider points were arplied to

the pulp of the :ubjectla rt&.% Index f infer

IurWin a rwn the subjects remained passive, the teat being applied by the experimenter.
Ito actual measure of the pressure with which the test was applied was made, though the
experimenter endeavoured to maintain constant pressures, and was careful to appl.y the two
points of the Dividers Teot simultaneousl.ye

One complete test consisted of 10 run In each direction, the subject giving respon-
ses of "two" or "mein according to the sensation of the number of stimuli received. The
test was sored by recording the last, or the first separation in each case, when the
response "two' was given, and ant average of the ten readings so recorded was taken as an
indication of the subjects tactile sensitivity at the time of the test.

Plate (vi): The PaoeTs

A strip or pae w wased In which 4k regalawt7 graded series of holes of known diameter had been bored. The
pulp of the shieot's finger was applied to the per.sxO strip by the experimenter. 'n the te t 0 Cfdhte0.
for the Divioers Test, with the exception that the sujbject's rerponse wan "hole" or "no hole*, 2nd the re.1iI
recorded wes the diameter ot the hole last or f irst felt.



11. 89setion of te Toats

araded fti or saph of the unuzal dexterity tasks ware oonstruoted -e.g. I. differ-
ent mimes or peg, 6 differet almes of nut, sA 3 different aims of bolt. fteso tests,
together wit the tactile sensitivity tests alres~y described. were given to 20 sob jeots
In a pilot experiuamt at momn temperature in order to ascertain whether azy positive
arelations in performnoe existed between tesas mr also in an effort to eliminate

sam or Use tests sid mo redone the total tims of "oL~ndor full -j.-t4 oomditioza.

In the W* Institute of *iation Uudiaos*m

r3tsia all 4 tests.

Zn the cas of tactile sensitivity there proved to beon~rbeoverlapbewn
all 3 of the fares used, as indeed might hawe been expeotedo It was therefore deoided
to adopt the Dividera Teat chiefly becimisof its superior definiteness wad the greater
ease with wih mom control over pressure could be maintained. (See correlation values
referred. to above will be fbmd in Tables I(s) wa 1(b),) part Two)

111 Genral OMu4itie" at the Cold ft!Ewernts.

is Molet Cvilisa ftbJeta wore their ordinary winter underclothing, a heavy-
wqigisfiw ul~aorp long black wool stockingat a kopok 8inner-UnIngs Mow external
protection, fleece-lined flying boots a loose veave 'dish-cloth'f scarf,9 a cold weather,
WINK-w~of cp, a light-welightl, wool fined ad a ootton-baoked Slav2 fobr te noneprw.
ftm hn (iUe. the left hand in all subjects tested).

Gerviee personnel wore exacntly sadlar clothing, except that they wors battledem
'blouses& Instead of te SMr pullover.

1b few. at protection was provided for the aahject* rigbt hands

2. 0.* : 0iditimm 10. with still air) could nt be usintained fbr
uppe Me 3540 an*In the emperimantal aber. Consequtly, as there was a oz-

fteal uppt itsea of tewpt4aturej, aubjects asteally entered the casber at a t"eram.
ton or -490o., sa when this tooe to -5ro. (generally 30 minutes later) the refrra..
Wq plant -Ad electrical fan more turned on, to bring the teMperakture down to u~O

grops f 6 onWebasis -X their overage tactila sensitivity readings already Vreoaogym

so tbat each psa cmntained an equal wr t 1r of apparently 0more and apparently *Ue
sensiiveubJects.

&wAwsexposed to a temperature of -10%o. ror I howr.t

*1 3a a *-1 oo. a I hour,

Soe chosen wks ware applied In a regular, Waaeeod design for isoas with the
ta*Uil aensitivity task always Impt In the central position 1.9. the tird task I e

the prooedur. adopted was to test everzy aubJect first at room temperature Wi to
cm )a tue omulte battery of tests, In order to establish a basic reading ftr that

sbject for each test. A stin-teratae reading was ten taken with a 00ppr.mt
theasoupe.Thethmucoqple was placed on tecentre of the pulp of the *.qpoeed Index

finger, "Ad japt in place with sino-oxida stropping. After the reading had been ta""
the V142 2le wes ueova
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The aubjeot then entered the cold chamber wher, he rexaiwa nsted at res.t thrao- 4
*out the exposure period. Tactile sensitivity reoordings were taken at 10 minuite inter-vals after entering the ohanberp and ain teqpertuzre readinge were takein before andafter each recoriig

Sinoe the complete battery of tests took an average testing tia of 20 mabutes toocoqlete, teoto" was commnced 10 minutes before the ad of the expoure period, and
contined ft.' 10 mirntes after that tims but since rd%,1ots diffor*4 nonsiderably in
the amount of time the took to perform the dexterity teals, La sooo owes they had toiontirnue testing in the cold chmer fbi' 15-18 minutes after the md of the exposure
period* Sin teqmerahe resdings were taken before and after the final teting period
In the cold aharr

On leaving the old. obaberp the subjeot ontimWAd to perform ach test in rotation
until his perfozmnoe levl returned. to the original value, or near the original value,
USAn temperature readings were taen between each test.

L2. rmont 2a Soe subjects in a-~ A ma 0 were re-tested., using the too-pointdIsoztHstg at roam temperature only. ~Oup D was elimna6td owing to the
abence of saw mobes- of the woms

A third. Vo of 12 subjects - owup D -was tested over a period of 60 minutes at
room temperatues So infividftUa in this p phod not taken part In the previousexp-emt, but weve beig tosted for the first time

The V~vlere Test was plted as before Subjects were tested at 10 minute Inter-
Tas ONe tM g coditions Were Mu to simlate thoe of the previous exerMent, so
that a 'pr'-xue levell reading was first talen, a period of 15 minutes allowed to
9sop, and thes teso"n was wntmd at 10 "in Intervals for the requisite 'exposure'
period until finally two so-called 'part.zposure' readings had been reoooitede (11oteg
tostift posed of5 n d a rest period of 5 mine

3I Swdet3 6 vla subJects in Group D were tested at ream-tepratur at
W d " ntr suti their tactile sstmitivity level seemed to hane reached a fairly

00tet figure. oh7te u nte a 0dmt~ lothin a swsuedin
MM I d enor*At @e old0 hauber. The sme tespraue (-41000. ) %Wa used an in

~etet L After oinaing cold exposure, slubjet wrretsd.A 10 minu11te Inus.'
Vals until the erature In the ahbr roe sufficiently to require th elotrie fan
ad refrigeratin plant to be turned on to restore the test oonditions, WSl. want that
@cold expos-e lasted for 30-40 mirntes for mest subjects, and the 'wiad-ohill facter
evas eliminated. If skin temperature readings were rooordad.

Tee Its Test, shortest of the smnal dazteiy tasks to perform, was given to every
mojeet after the tactile sensitivity reading had been recordod, both at room temperaw
te and In the old owditios

T. he Awrimental 71saults,

~.1 t ssulto t Henual Dexterity.
Soe average tim enwa for the hrp hau& 11thrPetro (Asat 3ad aova"

resecivly) were Irolo up from the absolute imilvidual figures. (Soee Figures 1,2,p3,

2a all p~ewith theo emeption, for' all 4 tests, the average ampva shoved a
definite Impaireeat of trm at time e"A of the pou erod. The avrage eumv
reenting the perfboe of the 16h. am (Oro*p A) an the leg Test# shov that In
taS at thbe *ad of the moenwe period., performance had slightly improved., though theloss of 1.5 sens, on their original level at room temperatu Is not sigoifioant, I r
that the sqopc to cold had no effect on this ptop perfbidag this test.

It won eppment from the individanal am yes that Abe pertbruoeeo of subjects varied
casdderably within Vae amm subjects shoering litt.9e or no ohauge in perfbrmcnoe

level throughout the experiment, (eg. am subjeot In Group 9 had a pro-exposure level
of perfbrsane of 251 sea, test 3 ot which rose to0 253 son. after GO mimotee exposure
ad finally droppol to Zhi5 seo., 30 smtes after leaving the .62d ohkxber)p while other
aubjeoas show a very mamked deteriorati In performance (e.g. &ather subject in the
som goup, performing the am teat, M a pre-esposure level of perforance of 189
socs., whiob rose to 358 soon. after SO0 inutes to oesuctre, and finally d'oyyed to18
seemc., 30 minutes after leaving tha cold chamber.)



Tables 1 ,(a), s, (c) and In set out the relevant statistical data for thin s
section of tho report. Theor mportant conclusions arising fro the analysis wroe:-

t1)E'ertfzmanoe deteriorated an the exposure period inoreased.

2 erformancs deterlorsted more on m tests than others in the old. ts
SPoerformaeoos of some subjecb within a pumm deteriorated more than those A
of other subjeots. Ii

Bubicts 0a ts- Bb jests In Grove 3 and 0 comented op t~ft loam ef pr--r In the r
thMb, oh~ appeared oto then to be more pronounced than loUe of senstivity, and thin
obmvation was used by tho to explain the Increasing awkwardness end clmsiness in
manipulation of the dexterity tests towards the end of the exposure period.
Orak observed in his work an 'Vffect of Cold upon Mad 3 tvuents ad Reaction Times
that metreas normally the thumb can be rotated to fane the fort.h ft-f er and extended
to tmoh the tip of this finger without the latter bending at Its interhalangeal
joints, when cold the fourth finger is involuntarily bent to meet the almost helpless
thumb, and the ths ft ls to rotate# pressing sideways towards the f lgers.

Both sorendriver teats were found to tax the powers of the subjects mas the great- ti
eat difficulty being experienced in emndeavouring to piok up the bolts the oorreot way P1
wound, and Insert them with a alight screwing notion into their holes, f

'-i u. ults: Y.til. -ensitity.

As in the ase of mswal dexterity, aerage ourves for Groups A 2 mad 0 wore drawn we
up f~ the abmoluts and relative figures (mom Figures 5 mad 6). (Nbote: T relative
fira ba m obtained by the method used by Wookworth in olculating his Inumnes
indox'. So Initial reais on the Dividers Test taken before old exposure diffored
between am man and snothesr te s o of the just detectable gap varied from 1.55 m.
in sem ;Jeots to as msh as 2o7 m.m in otherso It was theefore messsry to remove
the offscts of those ndividual differonoes in normal tastile menativit wbhen *stimMng
tho mrge offets of the particular ohoeon onviro mnt. or eash person the dittenme
between Owu Intial reading of the just detectablo gap and ech of the subsequent ga
siam needed by that person a oaloulatedo The 'taotile sensitivity inde' was there-
b's o ts average deorsoe or inoroase required in physical gap min to keep the tactis

Imp eslon of t sepaates, dstinot points, and this average figire was the mom of
readings taken hm the sub e ts compisin a group.) In all 3 groups, the average

see hmd a definite improvement In perftrmnee i.e. a decreaso in the physical a&Pmssequre to "ee tho Impression of 1to ]points ), wh a mai~ntained fo tho first

30 mita of oqxpoe. this improvement, alnhounh dfornite, w sall, th e l frst
deoeane In average gap lin for may p being 0.5 nma. (Group B), and in aotual gap
min ftr say individual 1.3 smm (roup A). In both G A sn 0, the mtsmprove-
mat in performanoe ww reohed at the 30 minute level, as thereafter performance began
to deteriorate, n Goup So the maxtium improvement was reached after 20 minutos expo-
smo, M again deterioration appeared after 30 minutes, Group 0 reashed a fairly eon- 00
sistant level of porfbz after 50 minutes, but a second slght improvement oosurred
diningth as t 10 adautes of the exposure periods.O

The abrupt chapg in performance shown by all the average ctuves after the 30-40
minute level appears to correspond with tho tins at w1hoh the refrigeratn plent ad 2.
the olootric fan mre tned on saidn In order to reduoe the temrature in the ohamber

V Tao ohange in
porftamao"oen Goup A eorresponds with the end of their exposure to the cold oozndi- i
ions MA their return to om tompwaturo.

AllWoo a verae curves dmntrats the teudency to return to their original( leve of te otie sensitivity on terminating their periods of exposure. Tosti was +*
ontmaed fts 30 minutes, or longer, with each individual after leaving the old ohamber.

Tables x, IV, yVI(a) and VI(b) sot out the relevat statistical data for this scotion
of t reoyt. M re sigif ant differences between groups, bet en teperatures, n
and between ubjets within poupe, but whereas the improvemet between pre-xzpo sar rn
terminal oxposure reading was definitely siguitoant, the cheae In Peroanos between o.
terminal expo ure and final Poef-eyposur readings (illustrated in fg. 5 ma 6) w asg
found to be non-ignifloant.

iots Womantos- 10 of do 18 subjects pertrming the tactile sesitivity test bee
e mmet on a senation of inoweased sharpness or better definition of the points of
the peraper dividers in-the OOM. This sensation commnoed fairly soon (apPrOx. 20 m .)
after entering the ohamber, and appeared to fade gradually after 40 minutes ezpos0 e. th



it
2 subjoe-t In Orop 0 had scme difficulty, after 60 minutes eposure, in differen-

tiating the two divider points even at their sazimin separation. Thls difficulty was

associated with a b ueoltive sensation of pain, extrew cold, am ome stiffness of the
sfollowi the secod exposue to the fan and refrigerating plant. Both subjects

at t timp hd a skin temperature of k-Jw5°O., the owest skin temperature recorded
for any individual during this ezperiment, Within about 10 minutes, however, a phase of
vaso-dilatation occture, ad the ability to distinguish the points retarned ( Dlaesd.l1
ii).

a averaep curves from skin temperature readings were ;l-otted together (ig.7),
and also vith grop average curves for tactile seretivityg an 061 &ams time scale. in
both QoupaD 3 an 0 a lag vas present beten the lowest point reached in tactile sensi-

tivity perfaimae a that resohed by skin temperature (i.e. the lowest tactile sensi-
tivity reang was recor4d before the lowest skin temperature reading) In Gup A this
phonousnon was reveroed, Ie sam relations between curves for all groups was maintained
a tth termination of weur*.
ae thetreat crelate d v with length of cold exposure. The lowest peonts

reached on the group average ourms wre 10.8, 9.0 and 8.20 0. for nu"e A, D ad 0
espeetively.

8kin temerate returned to pre-expo s levels more nearly than tactile sensitivity
after terminating the exposure pyod in the cold ohacer.

f Averoge Initial ad 1nal Skin Temperature Readings.

a" Original re-]posure level level O minutes after terminating exposure

Alo 310

a 32 a 310c
32.50 29o

Corrolatiows between sets o readings of tactile sensitivity ad skin teMperature rom
the records of the 18 subjects were carried out. It was shown that tbere was a;
eerSlatlos alost signfloanmt at the 5% level, 3ll.1u1anatng that i*paoved performance
One te two-poift dscrialation test was associated with a fall La skimn teoom tope .

2. 3trint 2 - Results,
roup average curves from the absolute and relative figures were drn. (figs.89).

Zn both boupa A ad 0 the longest deviation from the 'preexposure' level was a differ-
oen*e or 0.2 m. In both cases this differenoe represented an improvement in perrormanoo

a v recorded for the second reading, i.e. the first 'exposure' readinge Th group
avre s se now a relative consistency in tactile sensitivity performance level,
uLob, in th oase of roup A is santained for 50 minutes, and in the case of Group 0
er 100 Minutes.

h. improvement per subject over the peio4 of tesing oly avrage 0.07 no*, a
mwn-signifloant change. There was, hoever, a very definite improvement in the initial
reading of this now trial oompared with the initial reading of the previous trial oonled F
out ome time before. This improvent averaged 0.23 m. per subject,w ich was highly
signifieant (about the 0.% levol).

Silar graphs wm dron for the tird group of subjects (roup D). who had not prevlamWy
been tested in the ol. The group average curves show a definite bend towards iprove
performanoo on the too-Voint diacrimenation test. (See figs. 10 and 1i). The graual
feoreae in divider gap sise was not accoponied by any signifioant tendency to return to
the initial, or e called 'pre-exposur' level, gap-eize. The largest decrease in aver"
otap sle of 0.30 ma. wa recorded at the end of 40 minute. exposure. ?his represents

a dome*se from 2.3? me. to 2.07 on., a significant change at about the 3% level.
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A degree of similarity was noticed betwen the first portions of ro Ds average
curve and those fPor groups A and 0 After the initial reading had been recorded for
both group., a relatively rapid rate of i-provemint in tactile sensitivity occurred
within the first 10 min utes. Ths rapid decrement inip-sem was then followed by a
further 10 miiute period of very slight or no-dmproveunt , and finally by a further
10 minute period of relatively rapid Improvemnt again. (Table 3).

ibL& 01sCU= Of brag Tactile BenstivLty Ileve1 for Croups A fA 0 rebJeot

to oold eqxVi,. and sou D at Boon Tepersture dwit the first 30 minutes
of teatig,

TAWI Rate of Decrease
ftog BMWa after After After InitialIII

boading 10 ans. 20 mins. 30 aim. Reading 10 mn. 20 sins. 30 mns.

ft&l3 2.37 - 2.26 m 2.27 m 2.16 - 0 0.14 0.01 0.11

0 ~_

3.! 2.02 s .51s9 nm i87 m 1.73m 0 0.11 0.04. 0.14

or! 2.22. 2.08..e 2.01..am 1.90. 0 0.14. 0.00. 0.11.

Me inAmiwdual om es of Oroup D show a somewhat varied response to the second
e exrlmem (fig.12). 5 of the 12 aub.eots show afairly marked Inprovment throughout
to testing per , the deorsent In gap-alm at the end of the testing period differing
fram tha Wlmtial level by as much as 0.6 to 1.35 . 2 of the subecots show an Impaired
imel of e which Increases during the testing period, the final levels differ- i
lug by 0 0.3. fom the initial levela, while the remaining 5 mubjeots maintain
a fairy level perfbrmanoe, tending towards a small deorease In requisite gap-si..

3. Results. Taotila Bensitivity

Ath.mVa all 6 subjet. in Oop D had already been tested for a period of 60 int..
at room boerw en the Milds Tests the group average curve (Bee, figures 13 NAz 14)
sMd a Ater Iqmovemnt in perf rmnce for the first 40-50 ainutes of the third
ermast. ls iirememut was a decrease in Pp-ese of 0.5 on, (Prom 203 to 1.57 m

- & obaxg signifleat at the 3% lml). At th end of the mposure period of 50 mimns,
te f4nal average roording was 1.55 sm. which cannot be regarded as a signifloant obs
in perf1mm l f that reached after .0-0 minutes testing at room tesperature.
There oare flu o a in performace during the cold exposure, but the longest of these

It m be of Interest to note that the grou average cum in this experiment ez-
bIte th sm phenoena as that to which attention was dam in the data sum ed

In Table 36

tables Tn,, M? and 32 set out the relevant statistioal data for this section of
*a reot, Analsis of variene sarred out on data from Oupe D and 0 which won om-

nd in a balanced arrea msent, showed that there were only two signifi cat terms in
this analy4- - the 'between subjeots within groups' term and the 'betmen learning and
no learning' term. e significance of the 'learning faotor'in this analysis makes it
probable that idMLr Imrovesnt In the earlier experiments was also Influenced by this
factors
1wrisomet 3 u~s. Manuhl. Dexterity

che curve plotted for Oroup D from the averages of indivianal performance on the
1%8 "a t oed an 1pvmn t in performanoe throughout the first 50 minutes of th
experimat. (Se PiLgures 15 and 16) . "w average Initial reading of 1.2 seconds, may
be onspered with the 50 minute readin of 28.1 sooonds, an average &sprovement of 3.1
senoons. %his is sigrdf oant at the 2% level. Du-ring the sooond part of the experient,
whn readings ware taken at 10 inute intervals (of. axpertment I ) a constant deterlora-

tion in performance ws recorded. The largst averase tim taken to perform the test -
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31.2 seoonds - was recorded after 30 minutes exposure. This was a deterioration sig-
nificant at about the 3 level.

vX . ..... ..... .onclusionh

Three main conolusions, each of general and vraotlcal importance, are to be drawn
from these experiments. They are:-

is Exposure to temperatures of -1000 to -15 C, without aIr movement for periods of
half an hour and upwards interferes with manual dexterity. Sk~ll of thin kin. ;begins
to tak-t longer to carry out very soon (ton minutes or so) after initial exposure. The
effsets tend to increase fairly rapidly at first but after the first half-hour or so,
more slowly. On return to normal room temperature recovery is rapid but not immediate.
Although it is true that in general the lower the skin temperature the more manual dex-
terity performance is hindered (Miller 19 4). the one cannot be used as a direct index ofthe others

2. The performanoe of tasks involving tactile sensitivity (as measured by the two-
point disormination technique ) unlike that of tasks involving manual dexterity, appears
to be relatively uaffected by mild low temperatures (-i0°C to -i5o0C), in the absence of
wind. The improvement recorded after sucoessive applications of the two-point disorimina-
tion test, did not appear to be retarded, or in any other way impaired by the cold expo-

* sure.

3s Rapid change to a lower temperature, within the limits indicated, especially when
it in accompanied by air disturbance, are especially likely to prcxlbxe deterioration, or
fuwther deterioration, both of manual dexterity and of tactile sensitivity.

Viz. Discussion
9

1. Vhle it is clearly demonstrated that exposure to cold at a level of -10°C to .i.$°,
in , ll air, and with only the working hand unprotected, hinders manual dexterity, the
experimnts oy themselves do not Indicate clearly what precise mechanisms are involved.
They do suggest that It is unlikely that the fall-off is chiefly due to diminished tao-

S tile sensitivity, but even this is not quite clear. The most definite positive indica-
tion is that t.he pririoipal loss is directly due to the relative funotional inefficiency
of the thumb under these conditions. However if the two-point discrimination test had
been applied to the thumb instead of the index finger, the results might have been iftbr-
esat. But at the same time the Lkethfoiof a change of results occurring would not seem
to be very great, for Pians and .lfdff' showed that localised training in tactile dis.
orimination gave rise to widespread improvement in other parts of the body which had net
previously been trained, and this finding would seem to be partly borne out by the in-
proved level of initial performance in tactile discrimination as comparing the initial
reading of rorups A and 0 in Experiment I with those in Experiment 2.

Another possibility also requires further explorati on. The disability might be due to
som failure to use the information which normally ,lls an operator about the amounts
speed and direction of his movements. There are forms of manual control, many of which
occur in flying, which do not involve differential finger dexterity, but which do require
aocurate movemnt. If these turned out to be similarly affected under the same conditLor
the case for sow breakdown of kinaesthetic 'feed back' would be greatly strengthened.

There is a third possibility and this seems the most likely one. it may well be
that whenever accurate movements have to be made by two or sore members of the body
warki.nf together, if their normal relative functional efficiency is dirturbed, the
acuracy of movement suffers in a marked way. In this special case the thumb suffers,
but the index finger remains perhaps little affected. it would not be difficult to' devise other experiments setting up different types of change in the relative funtioral
efficiency ot siultaneously working parts of the body. Such experiments are very much
needed both for theoretical and for practical reasons.

1 marwbile it is certainly a gain to have been able to demonstrate that zanual
dexterity suffers under even these, not very severe, low-temperature conditions, but that
loss is not likely to be very great unlems exposwire is fairly long continued.

oF
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2. By far the most interesting of the results of the experiments, however, is that
whioh shows that tactile sensitivity my ImWrovep or oontinue to Improve, within lUnits,
in spite of the Io of dexterity. It is true that statistical analygse appears to show
that the improve.'ant cannot be directly attributed to the cold, but It cannot be oontes-
ted that it takes place and therefore that there is nothing within the lUmits of the
times and temperatures conoerA-A these experiments whioh stop It, although it has
already beeu eaown by MacwrtV' others that longer exposura or more severe cold
*Dnditon cottainly do stop it.

Oneagain, howe tor, when we occe to consider TIBJ'*underlik imehanism it
become clear that these experiments have opened up problem that must be attacked by

* different methods.

somht easioe. Pbr this there is not muach syidenee ezoopt the reports by the subieots
that the point stimulations, seemed to be more sharply defined in the oold. it is, how-
ever, possible that a temporary Increase of the difference between skin temperature and
the teqwetm of the Divider points might hae" thia effect and this would be conaistint
with the reative:ly short duration of the improvement. This hypothesis oould be tested,
but would denmand a special instrumnt after the a tyle often used to explore temperature
sensatioma. In mW came It does seem important to settle this matter since it is poedh~s
that normal temerature effects could be checked, or reversed, by controlling the tern.
peratures of wrkng tos

I. A second pessibility is that exposure to the cola produced an unwitting increase
of effort and that the Improveme*nt wae the direct result of this. Such an explanation
would ales, be consistent with a rapid return to pre-exposure levels of performanoe on
the terinaton of exposure in the cold chauher. The improvement, that is to say,, could
be specific to particular envirometal conditeiens.

2we principal difficulty in this hypothesis is that if the improvemeont was due to
increased effr W "stronger motivation" - a similar improvem n ight well have been
expected to taks plase ftr tans requiring voluntary movement, It is true that in many

Inatanoses perforanc of the dexterity %xsks was comparatively little affected by the
cold exosure an it i. possible that in these oases there was sons influence of inreads@
efft working against the normal deterioration offect. A further experiment involving
asourate valuntary moement but without those form of dexterity involving the tha
ight be performoe If, then, a similar improvement ocourred the oame for unwitting
Leawe af efor would be strengthened.

Thi second possibility leads to, andl, in fact partially overlaps, a third - that,
either stimlated by the cold (stress) conditions, or continuing a process started but
not completed during the pre-exposure period, there was acme genuine learning process as
a result of which obmrsteristios belonging to the two-point discrimination stimulaticn
bvkt not at f'..rt utilised by the subject, becece effective. The tendency to return to
ppe-exposure levels of performance am leaving the cold chamber would not be an obstacle
here aisie watevr has been gained by learning may be thrown out for a while by mny
mosiod chapg of enviroinntal conditions. Ttere is little doubt that a process of
peroeptual learning does in fact take place, and that It differs in som ways from tho
more comoly studied motor learning. But so far all attempts ade in similar cases to
Idetif, or even to demonstrate the occurrence of cus, whioh at first pass unnoticed,,

* but later an used to increase effioioey C e.g. Maokworth 1952) have been unsuccess-
fule Yet the fact that considerable individual and group diferences occurred In Anl
the pe r o aisrqre by these extperiments most be interpreted to men that there

weea uaewof different ces, operating in the stimulation onditione and that theseI were being used differently, or different ones were being used, on different occasions.
These are the genorel conditions under which both 'improvement' and Ilearning' can take
Place. VA* tbere is at present no psychological understanding of how, or by what mach-
aniase these cnditions operate In the case of perception. By demonstrating that
improvement does take place at threshold level in two-point tactile discrimination -
whether or not A a result of exposure to stress conditions - these experiments raise in
a Mute form the whole problem of percetutal learning, with Its vitally important amr
etical and protical implications.

3. The deterioration which quickly followed change from a low to a perceptibly lower
tepmrture, accomanied by air disturbance,* require@ some form of explanation. it is

psible that *Ae cutaneous receptor involved in the pertrmei~e of two-point discrili-
pasfncinsomly pt certain critical point, after which som of the reieytnt
receptors case to function, and this to accompanied by an immeite deterioration In
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performance. The aotual mechanism leading to failure of normal funatimn on the part of
the sense organs, might be due to a form of 'slummation effeot' , the sudden change ih
environmental conditions aoting a a stiu ulus for the production of an agent or agents
whiofh gradually increase in concentration until the local receptors are prevented from
playing their normal role.

It should, however, be noted that the group average curves plotted froA individuae.
skin toerature readings in the first experiment did not show any significant change
after the 3040 minute ooId exposure period, although o-.t of the inl',i-Iual curves do
show a Awther drop in aldn temperature, It might havd botn supposed that any change in
performance level on the tactile sensitivity test, If due to the sudden ohange in cold
ownr4tionp would have been reflected by the skin temperature readings, but the varlsa-
tion between subjets may account for a failure on the part of the group average ourves
to show this. The results here again euphasis# the importandkv for human behaviour of
sudden chag in enviroriental conditions. It is in fact rapid change, rather than abso-
lute level,.of stress that is significant.

MIbern flyLng produces a large number of situations in which rapid change in
enviroental oonditLons at high stress is a prominent character. Unfortunately behavicu
adaptations whioh swiftly follow change of this kind are apt to remain unnotioed at the
time, and to pass without commnt later. It seems not too much to say that they neverwill be either properly apreiated or understoodo unless they are made a subject ofspecific aid planned experifntal attack,

tI nwer4 ws. savvled out 1013 the kind t mistoo Of ou r CptCan t. Y. tewar CAL C.,r n nder
the saisisi dirietio ot Proteor air rreirlor artletI. ,FAS., ad of or. N. H. h Tha an
a10s due I other Welre of g otaff *w Noted a bj joet' am in particlar to or. Me a Ot Mr. Jo spencer
MdMrs 0P. A* N for .o0sa an helpfu &&Ice.
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A.
Selection of h Tests

TAM IA

0orrelatioxm between 4 Manial Dextrity tests ompleteAby 20 subjects
at Boom WM.eraturW. (.Figurs -in brackets give lewI -f signdfioe: of

T" t Unsarewing Peg 'e~r4r-Ivr Screwdriver
Nat J (UnewIn) (Screwing up)

Test

i sta - 0.57 0.33 0.30
(0.002) (0.1) (0.01)

peg 0,57 0.35 0.68
(0.002) (0.08) (M.oom)

sm ive. 0.33 0. 01

(un~we ) (0.1) (0.08) (not gig. at

Ir...,ver 0.50 0.8 0.31
(80'reving UP) (0.01) (0.001) (not Big* at

0.1)

0nvrlaios betwe 3 ?otIs Sensitlty tests ompleted by
to0 sujeeta at ftft Taven'ture. (n ~Ie n bracket& give,
ler. aof'e.ome ofr .; od . )

at V Pointers Role

Teot!- "
V1' - 0.61 0,/,3

(o.o) (0.05
inters 0.61 - 0.55

Dole 0.1.3 1 0.55
(0.05) [0.01)

semut 1.- soial Dextert

Deriv rjgW. rrm the actual rsults are pr*aenta in the fol2owng tables.
Since the overs tims (in ae..) to perform the Uorwing noeo Vg, Sorewdriwr
(unscrewing) wad S -r ( , up) tests udr tw-t.perature oocitions wre
orpr, Jrmr-ly proy~ tml to 5*, 7# 2 mAi I# these factor ve. used to maltit-
ply tiu of prtbroamwe wa so sake th4 tests oomparable with es*ah other. This was
ni~eitt n order to wply the analysis of variene toohnlque subseqently oarried out.



Tim (in seos. ) for Grotp A to perform the Yanual Dexterity
tests at room temperature and after cold exposure ( hour). :-

et Subjat 1 2 3 14 Tota

Unmoreing ROM 187 231 193 26L 187 26 1326

. Cold 21 291 275 214 .1 3M I6"

ROM 196 221. 287 238 189 217 1351

Fs-
0old 210 210 231 22 210 203 1288

Sewvr loom 152 240 202 230 182 280 1286

(unscrewing) Co 180 280 192 146 220 31 1332

Scredrier oom 160 190 192 2481U62101146
(sorr' UP) 0old 19 235 231 234 165 20 1228

Totl1 Room 695 885 874 980 70 971 5109

Cold 780 10 99 M1 925 5 1497

TANXII Nb)

Tim (in sees. for Or*" to perform the Mamals Dexterity
tests at room tempeature and after old exposure (1 hour).

Test biect 7 8 9 10 11 12 Total

VMorewng Boom 18 7 6 5 9 2210
uts 0o1d i82 319 583 605 236 35 7 2282

OOg V 2oom2 21 20 2 0 2

Sorwdrier Tom 306 23t if 2%7 2% 230 t 26
(unsrewift) od 240 370 472 522 320 278 2202_

Room 226 26 189 29 M3 1 %11

(screiowg "1 eT 126 up) 26 253 17/8

- - -a -

Toal *i~ -if -T -a



Time (in soos.) for Group C to perform -the Manual Dexterity
tests at room temerature Pn after oold exposure (i hours).

Tet INbet 13 14 151 117V 18 Total

Unscrewing room 269 15 275 22U 1269 203 1390
*at$ Cld 352 182 423 1352 3M 599 2216

-ol 28 17TZ 4~' 3 2 146 t

Screwdriver Room 272 150 242 210 294180 MS
(unscrewing) 36 22 1 029-

SScrewdriver ZROO 233 157 231t 221 321 M8. 134 8(screwin- up) O= -15 2 - 1570 211 -

noom 1124 657 923 868110.7 143 54794olU1d 1.r 796 11 126 138 195 8080

The variables which may effect the recorded times are: -

3) priod for which the aubject experienoed the cold teuper ture

nd these variables associated interactions between them have been inesti-
gated by a conventlon l analysis of variane technique, From this analysis theft l w n e1,.bX a as ee nt rte doTA.i

Analysise of Varance of data on Samel DexteriJty t;et sumarised in Table an(a),
(b) end (a).

&mm of Variation 9m of Squares do 8f mn &puare P

Btw.n *oe (a) 9 6 2 47203 21.8i 1-

Between Tess Wlz "3" 3 15%55 7.11
0twoen feperatures (T) 207784 2078 6.02 i

Interaoton (0 z K) 17000 6 2833 1.31

MoIrt~oI (a x T) 8601 2 mom30 11.23x
Werection (1 z T) .8125 3 160.2 7.402

bmw . (1) 12"87 6 21M4

bttwe sbjsoka With"n &*W (a) 23O1 0 15 1o1.,,
interaction (K x 8) 127711 4.5 2838 0.86

interaction (T z 8) 228241 15 15216 1..59"
bial BE-r (2) 99359 30 V312

- OAL 1161612 1U3

z Significant at 5% level
zz Significant at i% level

xz Bignitimosnt at 0.1% level

h's analysis 1i slightly oomploUcted by the fact that ench suibJeot perfhnrsed the tets
for only ovo of tLe three different exposure periods. Bence It is not possible to obtrin

an ovrall eiif~iance text bete.-a sutJjats but only on subjotn within groups. This
alR &ff#.4tA the :nkoraktic'ux vhl&h Ino71u,', =r'iftt & a variatble.



It mny be seen that the following differrv-i! wor significt-

(1 Iistwoen Tests (K (5% level)

(2) Thtween Temperatures (T) (0.1% level)

(3) Between Grown (G) (1% level)

(4.) Ditween ktbJects within Gruue (S) (0.1% level)

Also the fb~lcwing interactions showed significant differenoest-

(6) X 3 T(5%)

fte first four sources of variation my be expressed am followas

(i) Performances varied from test to test.

(ii" Perfbrmes were alovr In the cold than at room temperature,

iii) 16erobrm ae of Droups At Do azd 0 differed significantly,

(i)Performances of -scims subjects werre faster than others within a grep

fte interactions significant air be stated thus a

(v) Perfbommaos deteriorated as the exposure per-iod Inmied.

(vi Parftrmess deteriorated more on eows tests than on others in the ood.

(vii) Portbrmanoes of some subjects within a group deteriorated sore than
those or other stbJects.

27 the method used to equate the time of tests at roomi temperatures the drosulti 1) s*bas, In; Wac that performances vary from test to teat in the .od
Th sa mphasised by )
Om~olusion( i) - that cold conditiotis have a deleterious effect on tests of

amnl dexterity is substantiated by (v) which show. that this Offbot inoreases
as length of expoure increases

Ownlusione(ii) end (iv Juhow, how differently these tests ane performed Vwn
attmpted by a uu r of subjects* The group resul Ls varied (due obviously in part
to the effects of d:Lfforent perioda nC cld exposure but in view of the difflarencs
between 'subjects within groups0 (Iv) one suspects an additional variation due to
'subjects between groua's This subject variation Is further shown in their
different reactions to the cold onditions (vil).



TAITZ IV

Discrimination gap size (in mm. ) for Groups A, B and C reoorded for the Tactile
Sensitivity test at Room Temperature (prior to entering the cold chamber), at the end of
period of expoeure to cold and finally Poom Temperature when the subjects had 'rtotaxio4
to normal' as iSndicated by akin temperature.

.Subjeot

Group T O. 1 2 3 4 5 6 Total I
A .old 2.,5 1.70 2.00 1.45 i.60 2.20 11.20

ROOM 2 2.55 1990 2035 1.60 1.40 2.30 12o10
: "-.... Subject ..

Temp. ".. 7 8 9 10 11 12 Total
-om 2.15 W 2.05 1.70 2. 1.75

9 Cold 1.60 1.70 1.70 1.45 1-.80 2.05 10.30

Room 2 1.90 1.90 1.75 1.65 1.80 2.10 11.10

- %m 15 16 V7 18 Total

RO1 1,.80 1.75 t.70 2.15 2.30 2.50 12.20

0 OolA 1.35 1.15 1.50 2.40 2.20 2.55 11.15

Room 2 1.60 1.60 1.55 2.15 2,00 2,25 tt,15

D1o1 1 5.40 5.65 5.55 6.05 6.65 7.60 7.30

Total 0.34 5.20 4.55 5.20 5.30 5.601 6.80 -132.65 1

I,, 2 . 5.4 5.65 5.4 5.20 6.65 31635

AM gnlysis of variance technique am appli.d to this date. ftom this analysis
Tle V was formlated.

TAB VAnalysis of Variance of data on -=Te sosit3.vity tests ci 18 subjects at

?oo Temperature an under Oold oond.tiom shown in Table V,

Douwoe of SM or df. )an Square
Variation Squares

O rs (a) 0.3462 2 0,1731 I.0
pTratws, (T) 0.6151 2 0.3075 17.0

Residnal
(1) 0.0719 4 0.01?0

Pstwen Subjects
within Croups (s) 4.4.569 15 0.2971 16.5i x1

70esi5uh5

,al7.0315 * ___

44



This table shows significat differeres

IiI Between Groups (G) (5% level)
2 Between Temperatures (T) (9% level)

3 Between &bjects within aroups (9) (0.1% level).

Here it shoul4 be roticed that () show oup A to be less sensitive than Groups .
or o. Givap B was the most sensitive of the three grvWup, Alao that the Iubjeots redied

small r gap ase for two point discrimination during, evoau i tha ool r tempera-
ture, than during either the pro- or post-exposum periods.

The subjeota themselves varied very significantly within a group and this untortuaea1
would tend to iwvalidate any Judg ent on group effeots dm to length of exposure.

TM improvemnt in the cold being the most Interesting factor, the data was sub-

knalysed into two furthsr seotions considering

(a) only pre-eposure and terminal exposure readings, and

(b) only terminal post-exosure, n terminal eosure readings.

Nate the results showed significant improvment (5% .evel) in (a), see Table V1(&), but a
'on-signifioant improvement in (b), see Table VI (b).

AnlIOa at Variame of part of the data shown in Table IT oonoermd with pr-exzposuz,
period and cod oheamber results.

oue of SuM of
Variation Sqmares d.f. ian Square P

&Ow()0,2606 2 0.1303 5.%1.

between
loe~pratures(T) 0. 6W0 1 0.10%6 23.23

bier ((1)010517 2 0102______

Natmen $*ejects

Within Wo up (8) 3.4440 15 0,2296 3.o1

Residual
W-To. (2) 0.9039 15 !.0603

Total5.260 35 ____l__II __________

li8gnliat at 5% level

Significont at 1 level

Analysis of Yriame of part of the data shown in Table IT0 oo0er1 with Post-eesomu
period and oo3* ohasr results.

jsource or -r ....
~~variation a.. q .u** I de,. Wa Square P ,

Woups m. .506 2 0.0753 3.73

fopratures(,) 0.0803 1 0.0800 3.98
Residual
I-m-r ( 1) 0.o405 2 0.0202
etween 9ubjteots

within OW (S) 3.8m1 15 0.2.?7 .6e6

Residual
Irror _L2 0.2521 1 5 .0

-1_ _ 4.4506 1, 3L_.

-R lXx Sim'iilict at 0.1, l'0ve2.



D. Tactile Sensitivitymad Skin e9e!:ttre

There were 11 sets of reading of tsotile sensitivity and skin temper re ftom tu
records of the 18 subjects. The noumber of readings per subject varied from 1. on some
subjects in Group A to 9 on others in Group 0. A c'orrelation between these two measured
quantities resulted in a value of 0.21 for the correlation coefficient which was signifi-
cant at the 5% level, showing that cold ocnditions. tendea to produce increased sensitivity.

An attempt to eliminate a certain amount or the hetaerogenelty of this data by redumilEI. the number of readings per subject to 3# the Wntia teet r~lwtho rea.ung after 30
mine. entosure, and-the-final test reading after leaving the cold chamber, resulted in a
coefficient of 0.29, sgain significant at the 5% level

In an effort to avoid any possible 'learning' factor, the reeding after 30 min,.
exposure and the final test reading were used# giving a coefficient of 0,31, neary gig.
nifloant at the 5%level

96 meriumt 1, Tactile with ... A8.

Jb tisanlysis f the reut o ru D were ombined wit oorej.gnde
ofGoupO0 to form the balaned Arrangemmnt shown in Table V11. Wei gives the result*,

(a u first 'ereadings at room temperature, including a possible
'learning factor',

(b) The Alnal pree..esue reading and the first four exposure readings, thus
excluding uiy _'learning factor'.

Grup 0 has the contrasting arrangement ofti

(a) fte pram.zposure reading and four subsequent exposure readings, including
a possible 'learning factor'.s

(b) the five consecutive room temperature readings following a 50 61mate test
period, thus excluding any 'learning factor'.

tAMI VT!
Tactile sensitivity (in ing.) of ~Oups 0 and D for two 1.0 uiaate periods ir V027131

0ol& (with learning) Roon TOMpratuie (wiftout leanft)
Oe" Isibjeot I - - - -

e3Xposur 10 20 30 1.0 0 1 o 20 30 2.

%. 1.75 1.55 1.50 1.35 1.35 1.55 1.45 1% 15 1.2.0
15 1.70 1.55 1.45 1.30 1.50 1.70 1.60 * .70 1.5

0 16 2.15 2.25 2.30 2.05 2.5 2.00 2.10 2.20 1*0 1.90
17 2.30 2.30 2. 25 1.80 2.15 2.30 2.2.0 2.2.0 2.75 .960
is 2.50 2.50 123 .10 22 126 2.5 12.2 1 9#65...

Group Oabjeet Uom Temerature (with learning) Oald (without leaUnin)

20 2,30 2.30 2.00 1.75 1.90 1.05 1.10 1*4.0 1.00 1.30
21 1,90 2.05 2.20 2.15 2.053 1.75 194.0 1'70 1465 1145

D22 2.60 2.1.5 2.20 1.95 2.05 2.10 1 .70 2. 20 1.95 1.65
23 2.80t 2.60 2.7 2.70 2.55 1.95 1.90 1.50 1*85 1.So
216. 2.50O 2.70 2.70 2.65 2.1.5 1.55 1.65 1*4.0 1.50 1,70

A reduction of Table T!T to ra~tive values, the Initial reading of each experience
bo-Ing We~ sro (0) asshown in Table iTT.



I edtrtion of Table VII to deviations (in mas.) from initial values in Cold or at Rom

Temperature whiohever is appropriate. (Negative values indicate increased sensitivity.)

Cold (with learning) Room Temperature (without l'arning)

Gvu ubject pro-

e t p-ure 10 20 30 40 C 10 20 30 40
-I- 

- -I-I-I-I-I-I-I- 
'

13 0 -0.50 -.45 -0,65 -0.60 0 -0.20 0.05 -0.10 -0.10

14 0 -0.20 -0.25 -0.40 -0.40, 0 -0.10 0.00 u.0 -0.15

45 0 -0.15 -0.25 -0.40 .0.20 0 040 0.10 0.00 -o..o

0 16 0 0.10 0.15 -0.10 0.,, 0 0O 0.20 -0.10 .0.10

17 0 0.00 -0.05 -0.50 -0.15 0 0.10 0.10 0.45 0.30

8 0 000 -0.20 0.5 0.25 0 0.10 0.00 0.00 0.15
- -.ii L - --- 

- - ---

Room -MPerature (with learning) OolA (without learning)

. i..- - -,, -o - o.- -.: -t -.
Grow Pro-

0 10 20 30 140 axpopure 10 -20- 30 40

I~ ~~~~~ 0 -1 o:)I ,
19 0 -.080 -0.4 -0.70 '-0.80 0 0.25 0.25 0.10 0.40

20 0 0.00 04.30 -0.55 -0.40 0 0.05 0.35 -0.05 0.25

21 0 0.15 0.30 0.25 0.15 0 -0.35 .0.05 -0.10 -0.30

22 0 .0.15 .040 -0.65 -0.55 0 -0.40 0.o -0.15 -0.45

23 0 -0.20 -0010 -0.10 -0.25 0 -0.05 -0.45 -0. 10 -0. 15

24 0 0. 20 0.20 0.15 -0.,05 0 0.10 -0.15 -0.05 0.15

An analysis at variance was carried out on this data. OcPlicated b' the tact that

Owe subjects were different In each groups and that was no clear dichotcow between rocs

tm.prature ad cold conditions, or between 'learning factor' and no 'learning fator' in

either group, only a few of the aw possible Interactions could be omputed* None of

these proved to * significant at a high level of probability and were thus included In

the 'wesA.idu errorl termsa.

table 21 showes the variation between the five main factors. It will be noticed that

only7 two or them were at all significant, the 'between subjects within groups' tern and

*Ae'betoSI learning and no learning' tern The subjects, as has been seen befreS

were very variable. The 'learning factor' also showing up significant at the 11% 3evel

indicated that the improvement fowid in Rxperiment I thought to be due to the cold eondi-

stom, was in fact influened by the 'learning factor', a conclusion s pted by the

o siladifcsne ot the 'between temperatures term in this analysi. It should be

I -er beWWO that this work Is concerned onlywith the first 4O minteseqone

Sab~leftle

te av been Included In the Residia bror tern..)

Y~ria&n ocure drf. Mean square

Sewm lenn 0. 90 1 0.9204 11.3

an vo le..nn

? rn0.008 1 .04 0 .10

Rtseaal RIsre (1) 3-747 46 0.0014

alto GroupS 00159 1 0.04,59 2.1.2

Between Lengths
of tpm e rt"i 0.1315 3 0.0"3 2.31

Be%"el Subjects
Within GV63" 1.887 10 0.1888 909

ReSidual bror (2) 0.6273 33 0.0190

Toa 7.3660 95 _ _ _

zz Significant at i% level
J= Uipdficart at 0.1 l.'vel.
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